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We report a 2D theoretical study of injection of spin-polarized current through a Schottky-like rectifying junction formed by a ferromagnetic
germanide on a highly doped Ge substrate. We highlight the importance of geometrical parameters on the spin-polarized current showing the limits
of the 1D model to describe 3- or 4-terminals experimental device. Geometry dependence of spin polarization is attributed to current crowding and
asymmetry of conventional devices. Effects of others nanofabrication-dependent parameters have been studied, showing the importance of the





Simulations have been performed with a constant input current of
1 𝑚𝐴. The doping concentration in
As a consequence of the depletion region and the dependency of the
current lines on device geometry, both 𝑉𝑠𝑝𝑖𝑛 and Γ show asymmetrical
features (fig 4). The 2D distribution is connected to the Schottky
regime (applied current, fig.5) showing a saturation of spin current
polarization for high current density (fig.7). The undesirable depletion
region can be reduced by tuning doping level to strongly increase spin





Our model is based on Spin Drift and Diffusion (SDD) equations
developed in [4] and [5], extended to a 2D model as proposed in [6]
with explicit dependency on carrier density. SDD equations are
combined with semiconductor (Drift-diffusion equation for majority
carrier) and electrical current (Maxwell equations) models of Comsol
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Electron spin injection and detection in semiconductors are key
features to the functionalization of electron spin polarization as a
degree of freedom for both information processing and storage. It can
be achieved by injecting a spin polarized current from a ferromagnetic
reservoir (FM) into a non-magnetic semiconductor (SC). The FM
contact can probe the spin accumulation as a monitorable bias. Such
signals have been experimentally observed in a panel of junctions
(into Ge, GaAs and Si) through a tunnel or schottky-like contact [1,2].
Theoretical models have been developed to highlight major limitations
of spin injection, improving a 1D model by successively taking into
account mismatch resistivity [3], spin filter tunneling [4], band bending
and depletion area [5]. However the latter aspect has not been
developed in regards of device geometry and current lines
distribution.
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In this work, we propose a
model which combines major
aspects developed in previous
model and geometrical effect
of classical 3- or 4-terminals
with a 2D model.
3- and 4-T device model for spin injection and





𝛻 ∙ [ 1 − 𝛼2 𝑛𝛻 𝝁↑ − 𝝁↓ ] = 𝑛
𝝁↑−𝝁↓
𝜆𝑠𝑓
𝑱↑ + 𝑱↓ = 𝑱
SDD equations :
Input current density

















: Spin voltage [8]
Relevant physical quantities:
Results show that geometry effects can play an important role in spin




. The discrepancy between results obtained in 1D
and 2D models increases with FM/SC interface reduction due to
importance of edge effects (fig.1). Drastic drop of 𝑟𝑠 at the contact
corner can be attributed to a current crowding effect and the asymmetry
of 3- or 4-T device (fig. 2-3). For a Schottky-like contact (e𝑉 < 𝜙𝐵 =
0.55 [𝑒𝑉]), it results in an asymmetric charge carrier distribution in the
depletion area and then a dependency of the resistivity on spatial





Fig.2 - Current density distribution in the
neighborhood of the FM/SC interface
Fig.1 - Injector width effects on interface spin
voltage and polarization for 1D and 2D model.










Fig.4 - 2D mapping of normalized 𝑉𝑠𝑝𝑖𝑛 near
the interface, for high and low bias
Fig.5 - 𝑉𝑠𝑝𝑖𝑛 decrease along the normal direction
to the FM/SC interface for different input current
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Cross section current density at the interface
the SC layer was fixed to
1018 𝑐𝑚−3 and the standard
injector width was 150 𝑛𝑚.
J distribution
